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关系。本论文主要探索了 MnOx/Rh(111) 和 VOx/Rh(111) 模型催化剂的制备条件，
并对模型催化剂的组成、结构、稳定性进行了表征，最后利用反射吸收红外光谱
对 VOx/Pt(111) 模型表面的丙烷氧化反应性能进行了考察。 
对 Rh(111) 上的锰氧化物膜，在 1×10-7 Torr 的氧气氛中，700 K 氧化能得到
有序的外延生长薄膜，并按层-层生长模式 (layer-by-layer)。提高温度处理能够
促进薄膜的长程有序性，但对厚的氧化物膜过高的温度处理可导致薄膜的三维体
相化。XPS 和 HREELS 证明低覆盖度时锰形成 MnO，高覆盖度时形成具尖晶石
结构的 Mn3O4。1000 K 以下真空退火，Mn3O4 能稳定存在，不会分解为 MnO。 
钒氧化物在 1×10-7 Torr O2 中 623 K 氧化时，可按层-层生长模式在 Pt(111)表
面生成钒氧化物薄膜。0.5 ML 以下时，形成具 V=O 的高分散钒氧物种，该物种
在还原条件下，如真空退火或吸附 CO (1×10-8 Torr)，易聚集形成具(2×2)结构的
二维网状表面-V2O3 (s-V2O3)。0.5-1 ML 时，表面物种为 s-V2O3， 特征能量损失















T=773 K) 下都很稳定。1-2 ML，钒氧化物在 Pt(111) 表面形成双层膜结构，表
面能量损失峰低移至 62 meV，为一个比较宽的峰，其低能电子衍射图案和 z'-TiOx
相同，故定义为 z'-VOx 的。大于 2 ML 时，HREELS 谱中含双层结构的 z'-VOx
和体相 V2O3 的振动，可能形成体相 V2O3 纳米粒子。不同厚度的钒氧化物膜的稳
定性为：1 ML VOx> 2 ML VOx > 2 ML 以上的 VOx。CO 吸附实验表明，钒氧化
物不影响 Pt 上 CO 的吸附位置，1 ML 以上的钒氧化物能很好地覆盖 Pt(111) 表
面，所以 VOx/Pt(111) 适合作为模型催化剂。钒氧化物模型表面暴露在 1 Torr O2 
中，通过 RAIRS 观察到位于 1038 cm-1 处的 V=O 物种显著增加，这种 V=O 物
种在室温即可被丙烷还原。与单独钒基催化剂(>300 °C )和负载的铂催化剂 
(>200 °C ) 相比，具有更高的低温丙烷氧化活性(<70 °C)。低负载量的 VOx表面
活性比高负载量的活性高，这可能与 V-Pt 的协调作用有关。通过 CO 毒化实验
证明了 Pt 对提高钒氧物种氧化性的作用，Pt 可能通过两种途径促进钒的催化活
性：(1) 促进氧的吸附、解离和在表面的迁移，提高了钒的氧化活性。(2) 通过
电子相互作用改变催化剂活性。 
















Transition metal oxides have been used as supports, promoters or directly as 
active components. Catalytic activities and selectivities are obviously affected by the 
oxides. For example, the activity and selectivity for conversion of syngas to 
C2-oxygenate on Rh-based catalyst can be largely improved by addition of MnOx. But 
the interaction of MnOx and Rh and the roles of MnOx are still disputed. V-based 
catalysts have been widely investigated due to their high activities and selectivities for 
propane oxidation. The active sites, as well as the reaction mechanisms, are also not 
clear.  
These issues are mainly caused by the complicity of heterogeneous catalysts, and 
that most of the characterization methods are not surface sensitive. Model catalysts, 
with simple composition and ordered structures, and taking advantage of surface 
science technologies, are well recognised to mimic the realistic catalysts. Metal nano 
particles on oxide thin films on single crystal surfaces, which are close to the real 
world catalysts, have been widely used as model catalysts.  
The aims of this thesis are to prepare ordered metal oxides and model catalysts, 
and using surface science technologies to characterize such surfaces, as well as 
catalytic performance measurement to understand the structure-activity relationship. 
In the thesis, we explored the conditions for preparation of MnOx/Rh(111) and 
VOx/Pt(111) model catalysts. The compositions, structures and stability of model 
surfaces have been characterized by AES, LEED, and HREELS. Catalytic activities 
for propance oxidation on the VOx/Pt(111) model catalysts were investigated using 
RAIRS. 
Ordered and layer-by-layer grown MnOx films can be prepared by oxidation of 
Mn in 1×10-7 Torr O2 at 700 K on Rh(111). High temperature oxidation/annealing can 
improve the long range order of the submonolayer films, but lead to coalescence of 















coverage < 1ML. The Mn3O4 was formed above 1 ML, which is very stable even 
under annealing at 1000 K in UHV condition. 
In 1×10-7 Torr O2, at 623 K, VOx films can grow layer-by-layer on Pt(111) up to 
above 2 ML. When θ< 0.5 ML, a highly dispersed VOx species with V=O termination 
is found on Pt(111). This species is very movable on the Pt(111) surface, and easy to 
condense to a surface-V2O3 (s-V2O3), when annealing in UHV or in 1×10-8 Torr CO. 
For 0.5<θ<1 ML, VOx forms a two-dimension (2×2) s-V2O3 on Pt(111). The s-V2O3 is 
very stable when annealed both in O2 and UHV condition. For 1<θ<2 ML, a bi-layer 
structure of z'-VOx is formed, which LEED pattern is as same as the structure of the 
z'-TiOx. When θ> 2 ML, there are two kinds of phases on Pt(111), the bi-layer 
structure of z'-VOx and the bulk V2O3. The stability for the VOx films on Pt(111) is 
s-V2O3> bi-layer z'-VOx > above 2 ML VOx. The adsorption of CO on Pt(111) is not 
affected by VOx at the submonolayer coverage. The VOx film with the coaverage 
higher than 1 ML can fully cover the Pt(111) surface. The VOx/Pt is suited to use as a 
model catalyst. When the VOx film is exposed to 1 Torr O2, significant enhance of 
V=O vibration peak at 1038 cm-1 was observed by RAIRS. Such V=O species can be 
reduced by C3H8 at room temperature. C3H8 oxidation occurs at below 70 °C with 
CO2 as the main product on VOx/Pt(111) surface, which is more active for propane 
oxidation than on a single VOx or a Pt catalyst. The activity of the low coverage VOx 
is higher than those of the high coverage one. The high activities of VOx/Pt can be 
attributed to the cooperation between Pt and VOx. The promotional effects may be 
caused by two reasons: (1) enhance the oxidative ability of VOx by promotion 
adsorption and decomposition of O2. (2) electron effect.    





























Fe2O3 等，对 MnOx 和 VOx表面的研究还不是很多，而这两种氧化物也是催化中
很重要的两种氧化物。 
1975 年联合碳化物公司的 Wilson 等[2-3]首次报道了负载型 Rh 催化剂上 CO
加氢反应可以直接得到高产率的 C2 醇和醛等产物，随后利用促进剂改善 C2 含氧
化合物选择性的研究迅速开展，但由于催化剂的活性和转化率较低，目前铑基催
化剂上 CO 加氢制 C2 醇还未能实现工业化。铑系催化剂进行合成气制 C2 含氧化
合物的研究具有重要的理论和实际意义，不仅能提供由合成气制取乙醇的新途
径，而且在对反应机理的研究和推动 C1 化学催化理论的发展上也具有重要的意































1.2 铑基催化剂上 CO 加氢制备 C2含氧化合物 
1.2.1 铑基催化剂上 CO 加氢制备 C2 含氧化合物的影响因素 
影响铑基催化剂上合成气制备 C2 含氧产物活性和选择性的因素主要有两个
方面[8]：(1) 催化剂所用的载体；(2) 助剂。 
载体不仅影响催化剂的活性而且影响其选择性，合成产物的分布很大程度依
赖于所选择的载体。碱性金属氧化物载体如 ZnO、MgO、CaO 等，生成主要以




高 C2 含氧化合物的选择性；(2) 碱金属 Li、Na、K 等的氧化物能有效地抑制烃
类的生成，提高 C2 含氧化合物选择性，但往往同时降低 Rh 的催化活性；(3) Fe、
Ir 等能转化乙醛和乙酸为乙醇，提高乙醇选择性，而对催化活性的影响不大；(4) 
La、Ce、、Nd、Sm 等稀土元素氧化物可显著地提高乙醇等 C2 含氧化物的选择性。 
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